A colony of nude rats were treated with the antibiotics ampicillin, spiramycin, sulfadoxineltrimethoprim, tetracycline, lincomycin and spectinomycin over a period of 30 weeks. The rats were monitored bacteriologically during the whole treatment period and for a period of 24 weeks after the treatment. Antibiograms of each isolated microorganism were made in vitro. The primary target, Pasteurella pneumotropica, was suppressed by the treatment, but reappeared after ending the medication. Klebsiella pneumoniae subsp. pneumoniae, never observed before the use of antibiotics in the colony, became one of the most common organisms in the colony. Furthermore, this bacterium was resistant to all antibiotics tested in vitro. Also other Enterobacteriaceae and some Streptococcaceae were propagated. Only Staphylococcus aureus seemed to have been eradicated by the treatment. It is concluded, that such antibiotic treatment does not necessarily improve the microbiological quality of the rats, and that it imposes a high risk of propagating resistant bacteria.
Due to the lack of a thymus, nude rats are totally depleted of T-cell dependent immune reactions except for some T-cell markers on cells in the periphereallymph nodes (Festing et al. 1978) . So they are more sensitive to infection, and infections develop differently when compared to euthymic rats [Carthew & Sparrow 1980 , Perrudet-Badoux et al. 1980 ). Outbreaks of infectious disease have often complicated breeding of nude rats. This has led to the use of antibiotics to solve disease problems (Fortmeyer 1981). Antibiotics have also been used for the total eradication of specific pathogenic bacteria in immunocompetent animals. This method, known as selective decontamination, has been more successfully applied to mice (Van der Waaij & Berghuis-de Vries 1974), guineapigs [Van der Waaij et al. 1974 ), rabbits (Heidt & Timmermans 1975) , rhesus monkeys (Van der Waaij & Berghuis-de Vries 'Present and corresponding address: Animal Department, University of Copenhagen, Panum Institute, Blegdamsuei 3B DK-2200 Copenhagen, Denmark Accepted 22 February 1994 1974) and dogs (Walker et ai. 1978) , mice may even be made germfree by decontamination (Scrivastava et al. 1976 ).
However, attention should also be paid to the impact of antibiotic treatment on the animal and its microbial flora. Several papers exist describing effects of antibiotics likely to interfere with research (Cherbut et al. 1991; Friend et ai.1990 , Grimwood et ai. 1989 , Brown et al. 1990 ). Long-term treatment with antibiotics is known to induce resistance against some antibiotics (Watanabe 1966) and alterations of the natural micro£lora (van der Waaij 1979). Furthermore, that certain bacteria are no longer isolated may only illustrate that they have been suppressed below detectable levels, and not necessarily eradicated from the colony, and the probability of detecting a microorganism decreases with decreasing prevalence of the organism in question [Hansen 1993) .
The aim of this study has been to register changes in the prevalences of certain bacterial species during long-term antibiotic treatment.
Materials and methods

Animals and their housing
A barrier-protected, hysterectomy-derived breeding colony of LEW/Mol-mu/mu rats (M~llegaard Ltd, DK-4623 L1. Skensved) consisting of approximately 100 breeding females was used. The rats had at rederivation 15 years before been given a starter flora by keeping the rederived rats with other rats with a flora of unknown composition. Before the study the colony was moved to a unit with no other animals. All rats were kept on autoclaved pine bedding (Hahnflock, Brogarden, DK-2820 Gentofte) in Orth plast cages (ORTH Plast, DK-2300 Copenhagen S), with 5 wean lings or 3-4 adult rats per cage. Temperature was 22 ± 2°C, and relative humidity was 60-75%. Altromin 1314 diet (Altromin Denmark, DK-2820 Gentofte), modified to 20% protein and autodaved for 20 min at 105°C, and tap water acidified with HCI to pH 2.5 were offered ad libitum. Light was on from 6 a.m. to 6 p.m. and air was changed 10-12 times/h. Staff entrance was through a 3-room lock with a shower.
Microbiological status of the animals
No clinical disease was observed in the colony. During the whole observation period 5 homozygotic and 5 heterozygotic animals fone weanling} 2 in the age range 8-12 weeks and 2 retired breeders of each type) from the unit were sampled every 3 months. On every animal parasitology was done by inspection of the skin for ectoparasites and flotation tests for helminth eggs and coccidial oocystSj mycological cultivation was performed with the aim of indentifying Trichophyton and Microsporon spp. On the 5 heterozygotes serology for antibodies to the following agents were performed: Bacillus piliformis, Hantaviruses, KRV, HI, PVM, Re03, Coronaviruses, Sendai, and Mycoplasma pulmonis (all serological examinations except B. piliformis were performed by Zentralinsitut fur Versuchstierzucht, D-30455 Hannover). Antibodies to B. piliformis and KRV were found in animals from the unit Hansen before, during and after the study. Bacteriological monitoring ad modium to Hansen (1992) by sampling 10 rats every 12 months for a period of 144 weeks before the start of the study had revealed the presence of Staphylococcus aureus and other micrococcaceae spp., enterococci, some saprophytic streptococci, Citrobacter diversus, Enterobacter cloacae, Escherichia coli, Proteus mirabilis, Morgan ella morganii, Pseudomonas aeruginosa and Pasteurella pneumotropica in the colony.
Choice of antibiotics
It was planned to treat for 4 periods of 6 weeks with 4 different antibiotics or antibiotic mixtures. Antibiotics for treatment were chosen on the basis of antibiogrammes of the isolated organisms. P. pneumotropica was considered the most essential microorganism to eradicate, so drugs efficient against this organism were preferred. As a second criterion, the drugs chosen should also be efficient, if other facultative pathogens, such as Klebsiella spp, Streptococcus pneumoniae etc., should be revealed during the treatment programme, and the third criterion, the drugs with the broadest range of efficiency were chosen.
Bacteriological procedures
In every examination 10 homozygotic nude rats in the age range 8-12 weeks were sampled for bacteriology. Samples for bacteriology were taken from the nose, the trachea} the caecum and the genitalia. Bacteria were isolated and identified as previously described [Hansen 1992 ). Antibiograms were made to the antibiotics described in Table 2 from diffusion inhibition test by the use of Neosensitabs® [Rosco, DK-2630 Tastrupl. Organisms were considered sensitive if their inhibition zone was greater or equal to the minimum inhibition given in the instructions of the producer of the Neosensitabs® .
Examinations before antibiotic treatment (Examination No 1) Rats were sampled prior to the antibiotic treatment and antibiograms to every isolated organism were made. Examinations during antibiotic treatment The antibiotic chosen was mixed into the drinking water of every cage in the unit. After 4 weeks of treatment with one of the drugs rats were sampled for bacteriology. Two weeks later, having achieved antibiograms of each isolated microorganism a new drug was introduced (for dosages see Table 3 ).
Examinations after antibiotic treatment (Examination No 7-10) After cessation of antibiotic treatment bacteriological examinations of rats were performed 4 times with an interval of 6 weeks. Antibiograms to every isolated organism were made after examination No 8 and No 10.
Statistical evaluation
Fisher's exact test was used for comparing prevalences (number of animals from which the organism in question was isolated out of the total number of animals examined) observed in each examination during and after treatment to the prevalence in examination No 1 prior to the treatment programme.
Results
Results of bacteriological identifications are given in Table 1 . Results of antibiogrammes are given in Table 2 . Except for K. pneumoniae subspp. pneumoniae and the saprophytic streptococci, every microorganism had at least one antibiotic to which every isolate of the microorganism was sensitive. Thirtysix out of 80 animals examined in the examinations followed by antibiogram estimation were found to be carrying bacterial species, either K. pneumoniae subspp. pneumoniae or saprophytic streptococci, which were resistant to all antibiotics tested.
Evaluation of the antibiograms led to the successive use of ampicillin, spiramycin, sulphonamides with trimethoprim, lincomycin/spectinomycin as described in Table 3 . Cases of Tyzzer's disease were observed during the first treatment with sulphonamides with trimethoprim. It was 41 therefore decided to include an extra period with a combination of sulphonamides/trimethoprim and tetracycline, the latter known to be efficient against Bacillus piliformis (Yokoiyama & Fujiwara 1971) .
P. pneumotropica was not found in examination No 1 prior to the antibiotic treatment, but after treatment with ampicillin it was found in 9 out of 10 animals examined. It disappeared for a period of approximately 40 weeks during and after antibiotic treatment, but reappeared in the last examination 24 weeks after termination of the antibiotic treatment.
The enterobacterial species Escherichia coli, Proteus mirabilis, Klebsiella pneumoniae subspp. pneumoniae and Morgan ella morganii were significantly propagated during and after the treatment. Prior to antibiotic treatment K. pneumoniae subspp. pneumoniae had never been isolated from the colony. However, except for after treatment with spiramycin it appeared with high prevalences during and after treatment, and ended up being one of the most common bacterial species to be isolated from these animals. These changes in the flora did not seem to cause any clinical signs in the animals.
Also Streptococcaceae were propagated during treatment, and especially the saprophytic streptococci showed high prevalences up to 18 weeks after the treatment.
Staphylococcus aureus was the only bacterium significantly reduced in prevalence after antibiotic treatment. Before treatment it was the most common bacterial species in the colony. It appeared in 5 out of 10 animals in examination No I, but hereafter it was not isolated in any of the 9 following examinations.
Biochemical reactions of those bacterial species which were isolated both before and after treatment did not indicate the introduction of new strains.
Discussion
The main results of the antibiotic treatment were, that P. pneumotropica prevalences dramatically, and that S. aureus may have been eradicated from the colony. By comparing Table 1 and Table 2 it can be seen that there was some correlation between in vitro and in vivo effects of the antibiotics, e.g. enterococci and Group B streptococci were not found after treatment with ampicillin, P. pneumotropica was not found after treatment with spiramycin, E, coli and P. mirabilis were not found after treatment with spectinomycin, etc .. However, all these bacterial species were refound later in the programme after treatment with less efficient drugs.
It cannot be fully excluded that the finding of P. pneumotropica in examination No 10 was due to reinfection rather than propagation after a longer period of suppression. However, it is likely to believe that P. pneumotropica was only suppressed. In another study made in nude mice, oral treatment with ampicillin, oxytetracycline or tylosin did not eradicate the organism from the colony, although injection with ampicillin was more efficient (Moore & Aldred 1978) . Also in Syrian hamsters the eradication of P. pneumotropica by the use of antibiotics is quite difficult IAnguio et a1. 1978) .
Anyway, the problem of Pasteurella infection in the colony was obviously left unsolved. Furthermore, a new problem was created. K. pneumoniae never previously observed in the colony established itself as one of the most common organisms. Abnormal colonization of K. pneumoniae has also been observed in antibiotic-treated mice (van der Waaij 1979). K. pneumoniae is common even in barrier-maintained rats (Needham 1980; Hansen 1992) , and an undetectable reservoir of K. pneumoniae may have been propagated by the treatment. Immunodeficient animals need higher concentrations of antibiotics in the lungs to achieve the same antibacterial effect against K. pneumoniae as immunocompetent animals (Calame & Mattie 1991). However, Table 2 shows that none of the antibiotics tested were able to inhibit growth of all isolates of K. pneumoniae in vitro. So, higher doses of antibiotics would probably not have been efficient in this study. Resistance of K. pneumoniae to ampicillin and tetracycline has also been observed on isolates from dogs (Walker et a1. 1978/. K. pneumoniae has been described as a pathogen in many animal species, e.g. mice (Webster 1930) and humans lJawetz et a1. 1980). Although mortal septicaemia may be produced experimentally in rats [Arbo et 01. 1990 , Roosendaal et a1. 1991 , the importance of this infection in rats is not fully clarified. It is normally described as apathogenic fWeisbroth 1979}. It may be pathogenic in nude rats, as immunosuppression is known to enhance the pathogenicity of K. pneumaniae (Calame & Mattie 1991 , Roosendaal et 01. 1991 . Anyway, the propagation of a human pathogen may be hazardous to human beings having contact with the animals. It is interesting that the antibiotic treatment eradicated S. aureus. Rats are often infected with the same phage types as their human caretakers (Wullenweber et a1. 1990) . It seems obvious to assume that infection from caretakers to the animals with S. aureus is quite common, as the organism is extremely common in humans lJawetz 1980). We do not know whether the caretakers in this study were actually carrying S. aureus. The lack of reinfection may indicate, that caretakers sharing phage types with their rats have been infected from the rats and not the opposite. Another reason for the absence of reinfection could be that S. aureus had been replaced by other Micrococcaceae spp., indicated by the significant raise in prevalence of this group after antibiotic treatment.
The enterococcal flora is normally not influenced by long-term antibiotic treatment [van der Waaij & Berghuis-de Vries 1974) . In this study the prevalence actually raised during treatment.
This may, however, be due to the fact, that streptococci are not so easily overgrown during antibiotic treatment, and, as such, become easier to isolate.
As a curiosity it should be remarked that cases of Tyzzer's disease were introduced during the use of sulphonamides with trimethoprim.
This is no surprise, as B. pilifarmis is resistant to sulphonamides (Yokoiyama & Fujiwara 1971} . Probably, the enteric, sulphonamide-sensitive flora normally plays an important role in the suppression of this agent. 43 From the researcher's point of view, animals which have been treated with antibiotics are not acceptable for a scientific experiment, because interactions between the drugs and the experiment cannot be excluded, not even after months. This study has given further arguments against the use of antibiotics in nude rat breeding colonies. It can be concluded, that antibiotic treatment does not necessarily improve the microbiological quality of the rats, and that it imposes a high risk of propagating resistant bacteria.
